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INTRODUCTION 
Ecology and genetics blend when information is desired 
concerning the way the genotype influences numbers and how 
the number of animals influences the genotype (Birch I960). 
The blending of these two research fields seemed a logical ap­
proach to attack the perplexing problems of distribution and 
abundance of ring-necked pheasants (Phasianus colchicus 
Linnaeus) in Iowa. History of success and failure of pheasant 
stocking in Iowa is outlined by Faber (1946). Introductions 
were successful in northern Iowa but failures generally oc­
curred in southern Iowa. 
To obtain information concerning these problems, the 
ecology, population dynamics and distribution of ring-necked 
pheasants in Iowa have been investigated by personnel of the 
Cooperative Wildlife Research Unit and Iowa State Conservation 
Commission since 1932. Baskett (1947) provided basic informa­
tion on pheasant ecology in northcentral Iowa that has been 
supplemented by further studies by Research Unit and Conserva­
tion Commission personnel. Klonglan (1963) traced the popula­
tion trends of a recently increasing population of ringnecks 
in southwestern Iowa. Klonglan studied ecology of pheasant 
production within the population and compared similarities and 
differences between findings in northcentral and southwestern 
Iowa. No ecological factor or group of factors was isolated 
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as responsible for success or failure of ringneck populations. 
Initiation of spring censuses of crowing cocks by the 
Conservation Commission in 1950 (Nomsen 1953) furnished a 
continuous estimate of relative pheasant densities through­
out the state. The selection of a research area along the 
periphery of Iowa's primary pheasant range near Ames (Bolstad 
1962) by the Research Unit established three separate areas 
where intensive ecological studies were conducted. Utiliza­
tion of these or nearby areas for genetic studies rendered 
combination ecological and genetic studies feasible. 
Much attention to problems related to introduction, dis­
tribution and general ecology of the pheasant has been provided 
by game managers and wildlife biologists. Conversely, little 
effort has been directed toward determining the genetic con­
struction of individual ringnecks or subpopulations of ring-
necks subject to natural selection. 
Successful application of serological techniques to racial 
studies, especially blood groups in humans (Race and Sanger 
1962, Boyd 1949), dairy cattle (Owen ejt £l. 1947) and fish 
(Ridgway 1957), indicated usefulness of the immunogenetic ap­
proach in other species. Serological properties of red blood 
cells offered important advantages of knowledge of inheritance 
of the factors revealed by serological tests, and genetically 
controlled characters are of considerably more value for racial 
and specific characterization than traits not inherited in a 
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definite manner or which are not known to be inherited (Boyd 
1949, p. 104). The known method of inheritance allows com­
parisons between populations, for frequencies of alleles de­
termining these traits are population characteristics. Quan­
titative predictions of results from crossing two different 
races of a species (i.e., introductions) and distribution 
of resulting genetic material are possible. Inferences are 
possible concerning evaluation of observed racial differences 
and historical reconstruction of genetic distributions which 
existed in the past and were modified by selection, migration 
and genetic drift (Boyd 1949, p. 106). 
The increase in iramunogenetic studies since the late 1940*s 
and early 1950*s, in species other than man, has centered on 
domestic animals and fish of commercial importance. Mathe-
matical-genetical work of Fisher (1930) and Wright (1940) has 
not been applied to information gained by blood testing wild 
terrestrial vertebrate populations subject to natural environ­
mental forces. 
At the inception of the present study (November, 196 0) 
no blood group factors had been proposed for ring-necked 
pheasants, and it was necessary to begin with basic investiga­
tions. Thus, initial short-range objectives were to train an 
ecological investigator in the field of immunogenetics,and to 
develop blood typing reagents demonstrating presence of geneti­
cally controlled antigens on red blood cells of ring-necked 
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pheasants. 
Long range objectives include identifying subpopulations 
of wild ring-necked pheasants in Iowa if they exist, in­
tensively sampling wild ringnecks to determine whether blood 
group factors are influenced by natural selection forces of 
the environment and using blood group factors as genetic 
markers. The later objective is two-fold: (1) to identify 
offspring produced by birds artificially produced and stocked 
in the wild and (2) to attempt to determine flow of introduced 
genetic material into wild populations from game farm intro­
ductions. 
This report is primarily concerned with the short range 
objectives. The diversity of materials used provided ample 
opportunity for familiarization with many immunological re­
search techniques. 
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REVIEW OF LITERATURE 
One of the earlier published reports concerning indi­
viduality of blood was that of Landois (1875). Landois noted 
the clumping of red blood cells in a mixture containing cells 
of one animal species and serum from another. Landsteiner 
(1900, 1901) discovered the important ABO blood group system 
in man. Ehrlich and Morgenroth (1900) reported individual 
differences in antigenic makeup of goat red blood cells. 
Epstein and Ottenberg (1908) studied two human families and 
suggested that the blood group of an individual was genetical­
ly determined. Von Dungern and Hirszfeld (1910) added to the 
idea of genetic determination with their theory of independent 
gene pairs. The hypothesis of the multiple allelic inherit­
ance of the ABO system, still widely accepted today, was 
formulated by Bernstein (1924). A minimum of 11 blood group 
systems, in addition to the ABO system, has been described for 
humans (Race and Sanger 1962). 
Todd and White (1910) injected cattle with foreign red 
cells and recovered antisera that lysed cells of some indi­
viduals in the presence of fresh guinea pig serum. These in­
vestigators found that antisera of varying specificity could 
be produced by injecting cells of a common donor into differ­
ent animals. 
Todd (1930) injected red blood cells from one chicken 
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into another and found chickens produced antisera that strong­
ly agglutinated cells of the donor and many other chickens 
but did not react with red blood cells of some chickens. 
Todd (1930) found that within the population of birds he was 
using, any cellular antigen possessed by a chicken was pres­
ent on the cells of one or both parents. Todd (1935) re­
ported that it was possible to use brother-sister matings to 
produce strains of chickens nearly identical in reactivity to 
unabsorbed antisera. He believed that red cells of chickens 
possess a number of antigens that are inherited as dominants. 
Blood group studies of domestic chickens, close taxo-
nomic relatives to the pheasant, formed an important base for 
the current study. Briles £t (1950b) reported that two 
independently inherited groups of red blood cell antigens had 
been discovered in chickens. Multiple allelic inheritance at 
two autosomal loci, the A locus and B locus, was postulated. 
Nine alleles were listed for the A locus and five for the B. 
Briles et al. (1950b) suggested that each allele determined a 
total antigenic complex consisting of a number of components 
called "antigenic factors". They felt that the factors were 
probably indicative of serological similarity between gene 
products and not representative of separate and discrete 
antigenic units. 
Briles £t al^. (1950a) reported the third autosomal locus 
later designated Ç. The D locus, the fourth autosomal locus, 
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was reported by Briles (1951). A fifth autosomal locus, E, 
was presented by Briles (1958). The E locus appeared closely 
linked to the A locus by about one crossover unit, and Briles 
was not certain whether A and E were separate genetic systems 
or together represented a single genetic complex. 
Scheinberg (1956) investigated linkage relationships be­
tween genes for chicken red cell antigens. The antigens re­
sulted from four allelic series, M, 0, S and Recombination 
frequency between M and was 5.4 t 4.2% and 2.6 t 2.1% for 
0 and S. Reagents supplied by Briles showed that 2 was prob­
ably the same as B. 
Work in England by Gilmour (1958, 1959b) identified seven 
independent blood group loci segregating in a highly inbred 
white Leghorn line of chickens. Four loci corresponded to 
the A, B, C and E systems of Briles while three other loci, 
labeled L, N and Vh, were new. The Vh locus was identified 
by ability or failure of vaccinia virus to agglutinate chicken 
red blood cells. Ability of the virus to agglutinate the cells 
appeared to be inherited as a dominant to failure to aggluti­
nate. 
Gilmour (1962) reported that in subsequent tests on un­
related populations of chickens the reactions of N reagents 
corresponded with C system reagents, and he felt this was due 
to cross reaction between systems. Gilmour (1962) also re­
ported an additional system separate from the A, B, Ç, D, E, L 
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and N systems. Briles (1962) described H, J, K and P 
systems and stated that if no overlap between systems occurs, 
then 13 systems were under study in chickens. 
Cattle blood typing has been successfully conducted in 
the absence of highly inbred lines, a situation analogous to 
current pheasant work and dissimilar to chicken studies which 
generally make use of extensively inbred lines. Ferguson 
(1941), Ferguson ejt (1942) and Stormont (1950) described 
40 different antigenic factors on cattle erythrocytes. These 
factors were given alphabetic symbols in accordance with their 
order of detection. It was estimated 100 specifically differ­
ent bovine blood typing reagents were being used by 1961 
(Stormont 1962). A total of 11 separate systems was identi­
fied. Genetic diversity in cattle was so great that Stormont 
(1962) estimated 15,000 distinguishable phenotypes could be 
identified in the B system alone. It was learned in cattle 
blood typing that some alleles, especially of the B system, 
give rise to antigens which have multiple specificities. These 
blood group factors are an integral part of the compound anti­
gen and occur in several different, genetically determined 
arrangements called phenogroups (Stormont 1955). The rela­
tionship of subtypes, both linear and non-linear, with other 
specificities brings forth the need to emphasize phenogroups 
rather than the individual specificities characterizing them 
(Miller 1958). 
1 
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Most blood group work has centered around primates or 
domestic or semi-domestic animals, many of agricultural im­
portance. Blood groups of humans, cattle and chickens have 
been most intensively investigated. A number of studies of 
other species has been reported. A compilation of studies and 
review articles may be found in Cohen (1962). These include 
studies of primates, rodents, herbivores, carnivores, lago-
morphs, amphibians, reptiles, fishes and birds. Blood group 
studies have been conducted on members of the genus Peromyscus 
by Cotterman (1944), Moody (1941, 1948) and Rasmussen (1961). 
A review'of blood group studies of oceanic animals is 
presented by Ridgway and Klontz (I960). Serological differ­
entiation of races of sockeye salmon using absorbed swine sera 
was accomplished by Ridgway ejk (1961). A symposium edited 
by Gushing and Stormont (1962) presented information on pro­
posed blood types of many marine forms. 
Most of t|he work with oceanic forms and fresh water fishes 
has been conducted without genetic evidence of inheritance of 
proposed blood groups. A notable exception is the work of 
Sanders and Wright (1962) where brown and rainbow trout matings 
were made to substantiate proposed blood group systems» The 
work of Sanders and Wright lends further acceptance of the 
hypothesis that antigenic factors found to segregate within a 
species are inherited. 
Work with avian forms other than chickens has centered 
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around species and species hybrids of Columbidae (Shaw 1962). 
Landsteiner and Miller (1924) explored individual differences 
of blood of ducks. McGibbon (1945, 1946) also worked with 
cellular antigens of muscovy and mallard ducks. A study of 
cross reactions of human blood typing sera with blood cells 
from 138 bird species was conducted by Norris (1963). Studies 
of cellular antigens of species hybrids involving chickens and 
ring-necked pheasants were reported by Bacharach ejt (I960) 
and Miller ejt al. (1963). 
Only three studies of individual differences among ring-
necked pheasants have been reported. Bacharach (1955) studied 
agglutinins in normal cattle sera, Wendorf and Miller (1962) 
used rabbit antisera and Vohs ^  jUL. (1963) investigated ag­
glutinating reactivity of normal sera from several verte­
brates. 
Bacharach (1955) found that normal cattle serum would 
agglutinate pheasant erythrocytes at 1:128 dilution. No dif­
ferential agglutination was reported, and normal cattle serum 
absorbed with pheasant red blood cells removed reactivity for 
all ringnecks. 
Wendorf and Miller (1962) reported blood group factor A 
for ring-necked pheasants. Reagent for detecting presence or 
absence of A blood group factor was produced from antiserum 
recovered after injecting a rabbit with red blood cells of 
turkey-pheasant hybrids and absorbing with erythrocytes from 
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birds reacting only weakly to the antiserum. Birds whose red 
blood cells were agglutinated by the absorbed reagent were 
called A-positive (A+). No agglutination occurred with ery­
throcytes of some pheasants, and these were labeled A-negative 
(A-). A total of 28 unrelated ringnecks was used, and no 
method of inheritance for A factor was proposed. 
Two major methods of inheritance of erythrocytic antigens 
have been proposed. Fisher (1944) extended the hypothesis 
that alleles at closely linked loci may be responsible for the 
red blood cell antigens of the human Rh system. Oppositional 
groups of reactions were evident using Rh system reagents and 
were thought due to alleles at three separate but tightly 
linked loci. Race and Sanger (1962) reviewed discovery of 
postulated crossover combinations in predicted frequencies 
which they felt confirmed Fisher*s theory. The theory was ex­
tended by Race and Sanger to include a fourth and possibly a 
fifth locus. 
Wiener and Landsteiner (1943) and Wiener (1944) presented 
a hypothesis involving only one locus for the Rh system but in 
eluding multiple alleles for the locus. Each allelic antigen 
was considered to possess discrete antigenic factors. Wiener 
and Wexler (1958) stated that no crossing over had ever been 
observed in actual practice with respect to the Rh system. 
Wiener et al. (1960) held that individual blood factors were 
not representative of separate agglutinogens inherited in 
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multiples of three or any other fixed number as implied by 
the linked gene hypothesis of Fisher. 
An examination of the theory of closely linked genes and 
of pseudo-allelic genie elements as applied to blood groups 
was made by Stormont (1955). Stormont suggested that the idea 
of linked genes and/or pseudo-alleles arises from the errone­
ous impression that a single specificity is the definitive 
characteristic of an antigen. Wiener and Wexler (1958) re­
iterated Stormont's theory. 
Briles e;t (1950b) discussed the linked gene theory 
in connection with A and B systems of chickens but preferred 
the multiple allele idea. Gilmour (1959a) reviewed both sug­
gested modes of inheritance and favored the multiple allele 
hypothesis to explain results of investigations among four in­
bred lines of chickens. 
Irwin (1932) and Irwin and Cole (1936) showed that cells 
of species hybrids in doves possessed a serological specific­
ity called "hybrid substance" not present in either of the 
parents. McGibbon (1944) reported occurrence of a "hybrid 
I 
substance" in offspring of crosses between muscovy and mallard 
ducks. Miller (1956) confirmed a "hybrid substance" in off­
spring in a cross between ringneck dove and domestic pigeon 
and discussed a number of possible mechanisms of "hybrid sub­
stance". Formation of hybrid substance in offspring of a 
cross between domestic chicken and ring-necked pheasant was 
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reported by Bacharach e^t al. (I960). 
Thomsen (1934) found that absorption of a highly poly­
valent mixture of iso-immune sera from chickens with blood 
of both parents usually exhausted antibodies reactive for all 
progeny. Three exceptions were found that suggested some 
antigens might be inherited in a recessive or complementary 
manner. Several more similar cases were elaborated by Thom­
sen (1936). Thomsen's findings were questioned by R. W. 
Briles after unsuccessful attempts to duplicate the work 
(Irwin 1952). Boyd and Alley (1940) reported that an antigen 
identified by iso-immune serum was present in three of 42 pro­
geny but not in either parent. Cohen (1956, 1960) reported a 
similar finding in rabbits on two occasions. 
Allen (1960) described an iso-immune chicken antiserum 
that agglutinated cells of some progeny but failed to react 
with cells of either parent. When antiserum was absorbed with 
erythrocytes of either parent, the antiserum still agglutinated 
cells of the offspring. 
Miller (1963), using lectin extracted from peanut to test 
erythrocytes of ringdoves, described a blood group system in 
which the positive reaction was inherited as a recessive. Six 
matings of negative x negative doves resulted in 23 negative 
and 5 positive progeny. 
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MATERIALS AND ^ lETHODS 
Pheasants have blood types or characteristic antigen-
antibody reactions similar to those of other species studied. 
It is known for blood groups in general that mucopolysacchar­
ide particles or reactive groups form an integral part of 
the surface of the red blood cells. These particles or anti­
gens are apparently controlled in most species by a series of 
alleles. Each allele generally produces a specific antigen 
regardless of other alleles on the homologous chromosome. If 
alleles on homologous chromsomes are similar (homozygous), 
then cells may react more strongly than if homologous chromo­
somes carry different alleles at the same locus (heterozygous). 
This serological phenomenon is referred to as dosage effect. 
Antibodies, believed to be a modified serum globulin, are 
formed iji vivo when a foreign substance capable of eliciting 
antibody formation (antigen) is introduced into an immunolog­
ically competent animal. Antigens used in this study were 
constituents of pheasant erythrocytes. Injection of pheasant 
red blood cells into other pheasants is referred to as iso­
immune injections, while hetero-immune reactions resulted from 
placing pheasant red blood cells within an animal of another 
species. 
Agglutination results from the union of antibody with a 
particulate antigen or antigen and its substrate. Red blood 
cells containing antigens (agglutinogens) will be clumped 
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(agglutinated) by antibodies (agglutinins) contained in im­
mune serum. Immune serum of known antibody content is re­
ferred to as a reagent. A reagent produced or prepared 
against the antigenic substance caused by one gene of an al­
lelic series may cross react with antigens produced by one or 
more remaining alleles. Cross reaction presumably results 
from similarity of antigenic structure or chemical config­
uration. Cross reaction generally does not occur between non-
alleleic gene products because antigens produced by alleles 
of separate systems are considered to have distinct chemical 
or structural differences. 
Plant agglutinins or lectins (Boyd 1962) are blood group 
reactive substances found in saline extracts of plant seeds. 
Normal sera of animals sometimes contain natural agglutinins 
reactive with red blood cells of pheasants, but use of 
natural agglutinins is subject to restrictions (Miller I960, 
Vohs £t £l. 1963). 
The terms blood factor or antigenic factor, blood group, 
blood group system and blood type as used in this study are 
best described by Stormont e_t (1951, pp. 137-138) as 
follows : 
1. Blood factor, or antigenic factor. The various 
properties of cattle erythrocytes that are charac­
terized by their reactions with the reagents used 
in this study are referred to as blood factors.... 
This term does not inquire into the specificity of 
the reactions nor does it limit, by definition 
alone, the range of reaction of the antibodies of 
the particular reagents. The same blood factor may 
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be common to a number of related antigens, or, in 
some cases, it may be restricted to a single sero­
logically reactive substance.... 
2. Blood group. The term blood group, as here used, is 
an inherited characteristic, and may consist of one 
or more blood factors, or, in certain cases, may be 
characterized by the absence of a particular reac­
tion or reactions....The terms antigen, antigenic 
group and blood group might be used synonymously. 
3. Blood group system. The blood groups that appear to 
be controlled by the alleles of a single gene are 
referred to as the groups of a particular system.... 
4. Blood type or antigenic formula. The blood type of 
an animal comprises the known blood factors of his 
erythrocytes as determined by tests with all the 
available reagents, or, in particular cases, with 
only those reagents under discussion.... 
Inbred lines of pheasants similar to those of chickens 
are not available for study. The situation in pheasants is 
more analogous to cattle blood group studies. An underlined 
capital letter (to indicate bold faced type), with or without 
superscripts or alphabetical subscripts, refers to an anti­
genic or blood factor. Subtyping relationships involving 
linear patterns of cross reaction are designated with the same 
capital letter with identifying numerical subscripts. The 
concept of phenogroup and phenotype (Stormont 1955) is also 
adapted as an aid in defining cross reactions among the diverse 
groups of birds to be examined. Using this system, A would 
designate a blood factor. If a linear sub-typing relation­
ship existed, then ^  and A2 would be used to designate the 
phenotype with ^  being comprised of A^ and A2 while ^  
represented only the ^  specificity. No relationship between 
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factor or system designations for ring-necked pheasants and 
other species is inferred. 
Red blood cells for testing by agglutination procedures 
were obtained from either the right or left jugular vein 
(McClure and Cedeno 1955, Law 1960, Wendorf and Miller 1962) 
or right or left brachial vein. Vacutainer tubes were used 
with potassium oxalate crystals or sodium citrate solution as 
anticoagulant to withdraw large volumes (2 cc or more) of 
blood. Small amounts of blood were obtained from the brachial 
veins using 5 cc syringes and sodium citrate solution. Vacu-
tainers and syringes were equipped with 20-gauge needles. 
Cells were washed twice prior to making approximately 
3% suspensions of red blood cells in saline. Cell suspensions 
were refrigerated at 4C until needed. Cells for testing were 
discarded upon observing free hemoglobin within a tube or after 
4 days of storage. 
Testing was initially accomplished by placing 2 drops 
(0.10 cc) of appropriately diluted reagent in a 10 x 75 ram 
test tube and adding one drop of cell suspension. White 
opaque plastic depression trays with 12 rows of 8 cups in each 
row were utilized for a brief period (Vohs e;t al. 1963) while 
testing normal sera for cross reactivity with pheasant ery­
throcytes. Amount of materials utilized was similar to amounts 
used in the test tubes. 
All lectin materials and antisera reported herein were 
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tested using WlC-Perspex plates (Braend 1961). The plates 
were of transparent plastic and contained 80 holes each that 
were 1.6 cm in diameter and 1.0 cm deep. Two drops of re­
agent (0.03 cc per drop) and one drop of erythrocyte sus­
pension were used for each test. Saline controls were run 
with each group of tests. 
Trays were agitated by hand for 1-2 minutes and allowed 
to stand at room temperature (20-21C) until read. Reactions 
were observed macroscopically at 5 minutes, 30 minutes and 
2 hours (also after overnight refrigeration when testing new 
material). Trays were placed over a fluorescent light source 
and agitated. Agglutination reactions were scored as +, 1, 
2, 3 and 4 according to the avidity of the reaction, with 4 
being complete agglutination (Figure 1). Negative reactions 
were indicated by Questionable reactions were examined 
through a microscope prior to determining a score. 
Sedimentation readings or settling patterns were recorded 
but were not believed as reliable as agglutination readings. 
Sedimentation readings were considered of value in initial 
tests of antisera and reagents. 
Blood was obtained from a number of vertebrates by cardiac 
puncture and allowed to clot. Extruded serum was poured off 
and used to test for thé presence of normal antibodies to 
pheasant red blood cells. 
Seeds for studying lectins were obtained from the Seed 
19 
im-
m'-
( # #' 
f i  
&r g&' #sg&# <7^ 
4Kk * ' 01^ '} 
W 
#######;# 
/ V y 
FIGURE I. AGGLUTINATION TESTS IN A PERSPEX 
PLASTIC DEPRESSION PLATE. MARKERS 
INDICATE THE STRENGTHS OF AGGLUTINA­
TION REACTIONS AS FOLLOWS: (•) NO 
REACTION, (+) WEAK REACTION, AND (1-4) 
DENOTING DEGREES OF INCREASING 
STRENGTH OF REACTION. 
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Laboratory, Iowa State University, or Plant Introductions 
Laboratory, USDA, Ames. Seeds were crushed and covered with 
saline. After 24 hours the material was centrifuged, and the 
supernatant fluid was removed and stored frozen in rubber 
stoppered glass serum bottles until tested. Additional saline 
was added to the remaining seed particles to provide addition­
al lectin, and the resulting mixture was frozen. 
A brief study of peanut lectin using fluorescent anti­
body techniques was conducted in an attempt visually to ap­
praise the difference between reactions of strongly and weakly 
reacting pheasant erythrocytes. Peanut lectin material was 
mixed in Freud's incomplete adjuvant. Two rabbits initially 
received subcutaneous injections of 3 cc each of the mixture 
along the median abdominal line. Injections were repeated 
after 14 days. Rabbits were bled by cardiac puncture 7 days 
following the second injection. Serum was recovered and frozen 
until used. 
Peanut lectin and.anti-peanut rabbit serum were placed in 
wells prepared in ionagar gel (Ouchterlony 1949) and allowed 
to diffuse. The single line of precipitate formed between the 
wells indicated presence of one antigen-antibody system. Natu­
ral antibodies for pheasant red blood cells were removed from 
rabbit antiserum by absorption with pooled pheasant erythro­
cytes. Results of hemagglutination inhibition tests showed 
that rabbit anti-peanut serum would block agglutinating activi­
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ties of peanut lectin. This indicated that antibodies pro­
duced in rabbits combined with agglutinins responsible for 
clumping pheasant erythrocytes. 
Fractionation of rabbit antiserum to obtain gamma­
globulin was accomplished using saturated ammonium sulfate. 
Resulting precipitate was reconstituted in buffered saline 
(pH 7.1) and dialyzed against buffered saline for 72 hours at 
4C. Fluoroescein tagging of fractionated rabbit antiserum 
was accomplished using fluorescein isothiocyanate and the method 
outlined by Cherry ejt al^. (I960). Free fluorescein was removed 
by passing material through a Sephadex column. 
Slides for viewing were prepared by streaking a small drop 
of a mixture of 0.1 ml of 1% erythrocyte suspension and 0.1 ml 
of lectin material (diluted 1:128) on a glass slide. The mix­
ture was incubated 30 minutes prior to streaking. A slide con­
taining only erythrocyte suspension served as control. Follow­
ing evaporation of liquid from streaked slides, 0.5 cc of 
tagged anti-peanut serum was added to each slide and allowed to 
remain 30 minutes. Excess material was washed off with buf­
fered saline. A drop of phosphate buffered 50% glycerine was 
placed on each slide and coverslip added. Slides were exam­
ined immediately on a fluorescent microscope at 440 and 970X. 
Four chickens were injected in the brachial vein with 1.0 
cc of a 10% suspension of red blood cells pooled from three 
ringnecks. A total of nine -injections spaced 3 days apart was 
administered. Chickens were bled by cardiac puncture 5 days 
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following the last injection using a 50 cc syringe equipped 
with an 18-gauge needle 2 inches long. Blood was placed in 
glass test tubes and allowed to clot. To facilitate serum re­
covery, tubes were placed in a water bath (37C) for 4 hours 
and refrigerated over night. Serum was then recovered, placed 
in small test tubes and stored frozen at -20C. 
Hetero-immune rabbit antisera were produced by injecting 
1.0 cc of 10% suspension of washed pheasant erythrocytes in­
travenously. Early in the study rabbits utilized by Brown 
(1962) were made available following bleedings to obtain anti-
chicken sera. These rabbits were given four injections of 
pooled pheasant cells. Injections were spaced 3 days apart, 
and animals were bled 5 days after the fourth injection. At 
a later time eight rabbits were obtained for use in developing 
antisera containing A blood factor of pheasants (Wendorf and 
Miller 1962). Red blood cells from ring-necked pheasants con­
sidered A-positive and A-negative were injected intravenously 
with 1.0 cc of 10% suspension of twice washed erythrocytes. 
Cells of a single pheasant were always injected into the same 
rabbit, and each bird provided cells for two rabbits. Each 
rabbit was bled by cardiac puncture 7 days following completion 
of 12 injections spaced 3 days apart. Blood was allowed to stand 
at room temperature (20C) for 4 hours and then refrigerated 
overnight. Serum was handled as described above. 
Iso-immune antisera were obtained by injecting donor red 
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blood cells into unrelated birds or full sibs. Sometimes un­
related birds were parents of offspring produced for this 
study. Injections of 1.0 cc of twice washed red blood cells 
were made in either brachial vein. Injections were spaced 3 
days apart. Three days following the third injection a small 
amount of serum was recovered from each immunized bird and 
tested for antibodies by agglutination procedures using donor 
cells. Injections were continued to a maximum of 12 if titer 
was below 1:8. If the resulting titer was 1:8 or above, the 
recipient birds were heavily bled (12-14 cc) from the jugular 
vein. Birds were then given two additional injections and were 
again bled 3 days following the second injection. In some cases 
the process was repeated three or four times. Recovery of serum 
was similar to that described for chickens. Resulting antisera 
from each recipient bird were pooled, divided into 3 cc aliquots 
, and frozen. Antisera were labeled with the date sera were 
pooled and with identification number of recipient followed by 
identification number of donor bird enclosed in parenthesis. 
Titers of iso-immune sera were determined for pooled material 
and expressed as the highest dilution in which agglutination was 
readily visible when antisera were tested with donor cells. 
A heterogeneous group of pheasants was obtained from va­
rious sources (Table 1) and used for intensive studies. Addi­
tional birds were used for varying lengths of time as needed. 
Birds used for intensive study were maintained in individual 
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Table 1. Source of unrelated ring-necked pheasants used for 
intensive studies of cellular antigens 
Identi­
fication 
number Sex^ 
Year 
ac­
quired Source and remarks 
64370 M 1961 California strain from Illinois State 
Game Farm 
64371 F 1961 California strain from Illinois State 
Game Farm 
64372 M 1961 California strain from Illinois State 
Game Farm 
64374 F 1961 Wildlife Research and Exhibit Station 
(WRES) Boone, Iowa 
64375 F 1961 Wildlife Research and Exhibit Station 
64378 F 1961 Wildlife Research and Exhibit Station 
64383 M 1961 Wildlife Research and Exhibit Station 
14021 M 1962 Wild bird, Union-Adair Counties, south­
ern Iowa 
14018 F 1962 Wild bird, Union-Adair Counties, south­
ern Iowa 
64389 F 1962 Wild bird, Kossuth County, northern Iowa 
64392 M 1962 Wisconsin State Game Farm via WRES 
64395 M 1962 Wisconsin State Game Farm via WRES 
64397 M 1962 Wisconsin State Game Farm via WRES 
64601 F 1962 Wisconsin State Game Farm via WRES 
64602 F 1962 Wisconsin State Game Farm via WRES 
64215 F 1962 Missouri State Game Farm via WRES 
64400 M 1962 Wild bird, Hamilton County, Iowa 
^M-raale, F-feraale. 
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Table 1. (Continued) 
Identi­
fication 
number Sex^ 
Year 
ac­
quired Source and remarks 
64512 M 1962 Wild bird, Story County, Iowa 
64603 F 1962 Wild bird. Hamilton County, Iowa 
14047 F 1962 Wild bird, 
ern Iowa 
Union-Adair Counties, south-
14003 M 1962 Wild bird, 
ern Iowa 
Union-Adair Counties, south-
64651 F 1962 Wild bird, 
ern Iowa 
Union-Adair Counties, south-
cages in the Science Building. A ration of equal volumes of 
20% protein turkey mash and fine chick scratch was provided the 
birds. All birds were blood tested for common diseases prior 
to placing them in cages, and no disease problems arose in the 
confined quarters. 
Blood samples were obtained from wild birds by shooting 
pheasants during legal hunting season or from birds captured 
during night lighting operations with a rig similar to that 
described by Labisky (1959). Red blood cells could be obtained 
from hunter killed birds by cardiac puncture for as long as 30 
minutes from time of death. A random sample of 100 wild pheas­
ants was selected for testing from among birds captured in 
Union-Adair Counties in southern Iowa and held for breeding at 
the Wildlife Research and Exhibit Station. 
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Birds of known parentage were produced from matings made 
at the Wildlife Research and Exhibit Station, State Conserva­
tion Commission, Boone, Iowa. One pair of ringnecks was placed 
in each 12 x 12 foot lay-pen. Eggs were gathered daily by 
Carl Frisk or one of his two assistants. Each egg was marked 
in pencil with a capital letter to designate the pen. Mark­
ing was accomplished in the pen to keep errors to a minimum. 
Marked eggs were stored until placed in incubator trays. Fol­
lowing incubation of eggs from each set of parents for 19 days, 
eggs were moved to a separate hatching tray and placed in the 
hatcher. When hatching was complete, George Kester, Carl Frisk, 
and the writer removed the chicks, one family at a time. Chicks 
from each family were individually marked with a colored dye 
assigned to the particular family to which it belonged. Easter 
Chick Dye, Columbus Vaccine Co., Columbus, Ohio, was used. 
Chicks were held in battery cages for 2 weeks. At that 
time Carl Frisk and the writer marked each chick with a numbered, 
colored wing band corresponding to the color assigned each 
family group. Birds were then placed in brooder houses and al­
lowed to range in a large outdoor pen associated with each brood­
er house when chicks reached appropriate age. As the birds 
reached 14 weeks of age, they were individually marked with 
colored leg bands according to color codes assigned each family 
and placed in family groups in smaller pens. 
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Precautions were taken at each step to reduce errors of 
family assignment. The largest family (H), comprised of parents 
and 30 offspring, had an external feature that served as a con­
trol to detect marking errors. Both parents had very dark 
brown eyes as did all 30 offspring considered to belong to H 
family. Eye color of parents and offspring of other families 
I 
varied from yellow to medium dark brown. Differences in eye 
color were not apparent at the time of initial marking. It 
can not be stated with certainty that no errors were made in 
assigning chicks to proper families; but care was taken to pre­
vent mistakes, and no errors were detected. 
A total of 130 chicks from 10 families was raised and 
utilized for study (Appendix, Table 24). Additional birds were 
hatched in 1962 but were raised primarily to acquaint personnel 
with procedures. Offspring and parents of two families hatched 
in 1962, C and L, were kept in confinement in the Science Build­
ing and utilized for intensive study. 
Aggressive behavior, wildness, size of bird and lack of 
facilities for obtaining fertile eggs during winter were prob­
lems encountered in using ring-necked pheasants for immuno-
genetic studies. Young chicks showed cannibalistic traits soon 
after they reached 2 weeks of age. Chicks pecked excessively 
at wing bands of others. Wildness of chicks and adults con­
tributed to losses of valuable offspring. Parent birds were 
wing-clipped to prevent accidental loss during handling. It was 
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necessary to pool cells from several birds for absorptions es­
pecially if females were involved due to their small size. The 
amount of blood that could be obtained at one bleeding without 
causing death was limited by size of the birds. Additional 
matings could have been made if facilities had been available 
for trap nesting and providing artificial daylight. 
Sexual development of cocks in early spring resulted in 
excessive stress due to constant fighting. Mortality occurred, 
and it was necessary each spring to reduce numbers of male 
birds available for study. 
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RESULTS 
More than 40,000 saline agglutination tests, accompanied 
by appropriate controls, were made during the study. Agglutin­
ins in normal vertebrate sera, saline extracts of plant seeds 
and hetero-immune and iso-immune antisera were included. 
Normal Sera 
Sera from 24 vertebrate species and 3 antisera specific 
for human type A, B and Rh-D cells, respectively, were tested 
for their ability to agglutinate red blood cells of pheasants 
(Vohs et. âJL* 1963). Normal sera were obtained from individuals 
of the following groups: fish (3), amphibians (1), reptiles 
(4), birds (6) and mammals (12). Sera of 6 individual cotton­
tails, 2 house cats and 5 cattle were also included. The read­
er is referred to Vohs e_t (1963) for a more lengthy dis­
cussion of results. 
Normal sera of species tested were grouped on the basis of 
agglutination titer into negative, slight, moderate and strong. 
Titers of most sera were in the moderate and strong classes. 
Only six sera failed to agglutinate pheasant red blood cells. 
Sera from American eel (Anguilla rostrata), great horned owl 
(Bubo virginianus) and cottontail (Sylvilagus floridanus) 
showed differentiation of two or more doubling dilutions in end-
point titers among the battery of 12 pheasants tested. Two 
(American eel and great horned owl) of the three sera caused 
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hemolysis of pheasant erythrocytes at low titer and were heated 
to inactivate complement. Heating reduced differential ag­
glutination of great horned owl serum by only one doubling di­
lution and American eel serum by two dilutions. 
Substantial variation in ability to agglutinate pheasant 
cells occurred among sera of individual cottontails. End-point 
titers for cells with least reactivity varied from 1:4 to 
greater than 1:128 with two sera. Highest end-point titer for 
two others was 1:32, while one serum had an end-point titer in 
excess of 1:128. 
Cattle sera caused 100% hemolysis of pheasant erythrocytes 
after 1 hour. Hemolysis was evident after 20 minutes. No dif­
ferential agglutination was evident. 
Heating natural sera to inactivate complement generally 
reduced end-point titers. In some cases heating reduced abili­
ty of serum to differentially agglutinate red blood cells of 
individual pheasants. 
A limited number of trial absorptions was made with swine, 
cattle and cottontail sera. Removal of all reactivity resulted 
when absorptions were made with the most weakly reacting red 
blood cells. Numerous methods of varying volumes of cells to 
serum were tried unsuccessfully. 
Plant Agglutinins 
Saline extracts from seeds of 42 plant species represent­
ing 13 families were tested for presence of plant agglutinins 
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(Table 2). A total of 50 lots of seed was tested as more than 
one variety of some species were available in some cases. 
Varieties of species examined reacted similarly and were not 
included separately. 
Saline extracts from 22 species failed to agglutinate or 
very weakly agglutinated (less than 1:2) erythrocytes of any 
of the pheasants (Table 2). Seeds of four species, Phaseolus 
coccineus, Ricinus communis. Datura strominium and Datura 
metaloides, contained agglutinins showing great affinity for 
red blood cells of ringnecks. Absorptions of these lectins 
with least reactive red blood cells removed all reactivity. 
Absorptions of Trifolium resupinatium, Trifolium pratense and 
Melilotus officinalis extracts with red blood cells from non-
reacting pheasants removed all agglutinins. The potential of 
some of the other lectins showing differential agglutination 
including Vicia faba. Glycine max and Phaseolus lunatus was 
studied in detail by Steven Palmer, National Science Foundation 
undergraduate research participant. Dept. of Zoology and En­
tomology, 1963-1964. 
Saline extracts of peanut, Arachis hypogaea, were found 
differentially to agglutinate erythrocytes of individual ring-
necks (Table 3). Unabsorbed peanut lectin was titered with red 
blood cells from a group of related and unrelated birds. Re­
actions of the cells could be classified as strong, intermedi­
ate and weak, and individual birds were assigned to one of the 
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Table 2. Occurrence of natural agglutinins in saline extracts 
of plant seeds as indicated by their affinity for 
red blood cells of 12 ring-necked pheasants 
Family and 
species 
Graminae ^ 
Triticum aestivum 1:16 
Avena fatua var. Tonka 
Oryza sativa 1:16 
Chenopodiaceae 
Beta sp. (red stem chard)l:2 
Plantanaceae 
Plantanus occidentalis 
Leguminosae 
Dalea alopecuroides 
Trifolium resupinatium 
Trifoliûîn pratense 
Trifolium ambiguurn 
Melilotus alba 
Melilotus indica 
Melilotus officinalis 
Medicago falcata 
Medicago sativa 
Lotus corniculatus 
Psoralea bituminosa 1:32 
Psoralea cinerea 1:2 
Psoralea sp. 
Onobrychis viciaefolia 
Robinia pseudoacacia 1:1 
Astragalus galegiformis 
Astragalus globiceps 
Coronilla varia 
Hemolysis 
present 
1:128 
1:64 
1:32 
1:16 
1:64 
1:16 
1:64 + 
1:16 + 
1:1 
Agglutination 
end-point titer 
Low High 
^Scientific names after Fernald (1950) or as listed by 
Plant Introductions Laboratory, USDA, Ames, Iowa 
Table 2. (Continued) 
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Agglutination 
species Low High 
Vicia bengalensis 
Arachis hypogeae 1:8 
1:128 
1:1024 
Vicia faba 
Phaseolus lunatus 
Phaseolus coccineus 
Pisum sp. (Alaska pea) 
Glycine max var. Clark 
Scorpiurus sulcata 
1:2 
1:1000 
1:4 
1:2 
1:128 
1:64 
1:4000 
1:64 
1:128 
1:32 
Euphorbiaceae 
Ricinus communis 1:8000 1:8000 
Buxaceae 
Simmondsia chinensis 1:2 1:2 
Anacardiaceae 
Rhus cotinus 
Rhus glabra 
• • 
Tiliaceae 
Tilia glabra • • 
Convolvulaceae 
Calystegia sepium 1:16 1:128 
Solanaceae , 
Datura strominium 
Datura metaloides 
1:2000 
1:4000 
1:8000 
1:8000 
Caprifoliaceae 
Symphoricarpos orbiculatus . 
Hemolysis 
present 
Cucurbitaceae 
Cucumis melo 
Compositae 
Xanthium struraarium 1:1 1:1 
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Table 3. Titer of unabsorbed peanut lectin with red blood 
cells of ring-necked pheasants 
Type of End-point titer of 
Test cell cell unabsorbed lectin 
021 1:1024 
370 S 1:1024 
374 I 1:64 
375 W 1:16 
512 I 1:64 
215 I 1:64 
003 S 1:1024 
651% s 1:1024 
501g s 1:1024 
502g s 1:1024 
503 g s 1:1024 
504g s 1:1024 
505g s 1:1024 
506g s 1:1024 
383 s 1:1024 
047 w 1:16 
604 w 1:16 
605 I 1:64 
606 w 1:16 
607 I 1:64 
608 I 1:64 
^Letters S, I and W indicate "strong", "intermediate" 
and "weak" reactions. 
^Numbers of birds indented are offspring of two pheasants 
immediately above each group. 
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three groups. Cells from strong reactors titered to 1:128 or 
above after 2 hours, and agglutination (scored as either 1 or 
2) was evident after 5 minutes incubation. Intermediate re­
actors titered 1:64 at 2 hours with questionable or slight ag­
glutination (1 or +) following 5 minutes incubation. Weak re­
actions were characterized by titers of 1:16 or less with no 
5 minute reactions and only weak agglutinations (+ or 1) at 
2 hours. 
When examined under the microscope, control slides con-r 
taining streaked red blood cells and tagged anti-peanut serum 
showed no concentration of fluorescence. Cells were visible 
only by absence of fluorescent material, and agglutination 
was not evident. 
Cells of both weak and strong reactors treated with lec­
tin material and tagged anti-lectin were found to fluoresce. 
Agglutination was evident with the strong reacting cells, and 
excellent lattice-work arrangement of agglutinated cells was 
visible. Weakly reacting cells were not agglutinated, but 
flecks of fluorescent material were visible on the periphery 
and flattened surfaces. 
Both strong and weak reacting cells apparently had sites 
which combined with peanut lectin. It was not readily apparent 
whether strong reacting erythrocytes had more combining sites, 
as these cells were agglutinated and the weak reacting cells 
were not. The combining sites of the erythrocytes failing to 
36 
agglutinate could have been positioned in a manner that would 
prevent immediate agglutination, or sufficient combining 
sites were wanting. 
In order to further determine the relationship between 
strong, intermediate and weak reactors, three fractions of un-
absorbed peanut lectin were absorbed individually with pooled 
cells from two pheasants assigned to each group (Table 4). 
Table 4. Results of fractionation of undiluted peanut lectin 
by absorbing with cells of weak, intermediate and 
strong reacting ring-necked pheasants 
Fractions absorbed with cells 
Titer with Weak Intermediate Strong 
Test Type of unabsorbed 047 607 383 
cell cell peanut 606 608 003 
047 1:16 0 0 - 0 
606 w 1:16 0 0 0 
604 w 1:16 0 0 0 
512 I 1:64 1:16 0 0 
608 I 1:64 1:4 0 0 
383 s 1:1024 1:16 1:4 0 
003 s 1:1024 1:16 1:4 0 
215 I 1:64 1:4 0 0 
504g s 1:1024 1:16 1:4 0 
651 s 1:1024 1:16 1:4 0 
&See Table 3 for explanation of symbols. 
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Each fraction was absorbed with a quantity of washed, packed, 
red blood cells pooled from appropriate birds prior to test­
ing with cells of other ringnecks. Procedure consisted of 
mixing lectin with a suitable amount of washed cells and in­
cubating at room temperature with frequent agitation. Packed 
erythrocytes were divided into portions equal in volume to 
the amount of lectin to be absorbed. Lectin was added to 
initial portion of packed cells and permitted to stand for 30 
minutes. The mixture was centrifuged and supernatant trans­
ferred to second aliquot. Following further incubation for 1 
hour the supernatant was removed and tested for presence of 
agglutinins reactive with absorbing cells. If agglutinins 
were present, additional absorptions with incubation periods 
of 1 hour were conducted until all reactivity for absorbing 
cells was absent. Generally four volumes of cells were needed 
for absorbing strong reactors and six volumes for weak reac­
tors. An excess of intermediate and weak reacting cells, as 
well as strong reacting cells, would remove reactivity for all 
pheasant erythrocytes. Several absorptions in addition to 
the one presented (Table 4) confirmed the results presented 
above. 
Information from fluorescent antibody study and absorp­
tions indicated that differences between strong, intermediate 
and weak reacting cell types were quantitative and that cell 
types could be identified from either absorbed or unabsorbed 
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peanut lectin. Absorbed material was judged to present 
clearer differentiation into groups because weak reacting 
cells failed to react with absorbed lectin. Even with ab­
sorbed material the division between the groups was not al­
ways definite with cells of any individual bird. In replica­
tions of tests using unabsorbed and absorbed lectin material, 
classification of from 1-4% of birds tested would vary one 
class. Strongly reacting cells were never classified as weak 
nor did the reverse occur. Problems did occur between classi­
fication of strong and intermediate and less so between inter­
mediate and weak. Families and the intensively studied group 
of birds were tested a sufficient number of times to gain con­
fidence in individual assignment. Less confidence was felt 
in assigning questionable reactors when initially testing 
larger and unrelated groups. 
Parents and 89 offspring resulting from eight matings 
made without regard to reaction to peanut lectin were tested 
with peanut lectin absorbed with pooled red blood cells from 
weak reactors (Table 5). Parents were described phenotypical^ 
ly as strong, intermediate or negative depending on serologi­
cal reactions of their erythrocytes with absorbed peanut lec­
tin. 
Absorbed peanut lectin was used to test 100 wild birds 
captured in Union-Adair Counties. Frequencies of reactions 
for strong, intermediate and negative categories were 0.25, 
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Table 5. Distribution of reaction pattern of parents and 
progeny of several matings of ring-necked pheasants 
as indicated by tests involving peanut lectin ab­
sorbed with cells of weak reactors 
Type of mating Observed reaction patter n of progeny 
Line Male X female Strong Intermediate Negative 
B S^x S 9 5 0 
C S X S 6 0 0 
D S X I 9 5 0 
F I X S 6 5 0 
G I X S 2 3 0 
H I X s 7 16 0 
J S X I 1 4 0 
L S X w 0 3 2 
^See Table 3 for explanation of symbols. 
0.61 and 0.14, respectively. 
Relationship of specificity of peanut lectin between 
ring-necked pheasants and ringdoves (Streptopelia risoria) 
was investigated following Miller*s (1963) report of a peanut 
blood group system in ringdoves. Red blood cells from peanut-
positive and peanut-negative ringdoves were provided by Miller. 
A quantity of peanut lectin was individually absorbed 
with cells from peanut-positive ringdoves, peanut-negative 
doves, strong reacting pheasant and weak reacting pheasant 
(Table 6). Absorptions with peanut-weak pheasants and peanut-
Table 6. Cross agglutination following absorption of undiluted peanut lectin 
with red blood cells of strong and weak reacting ring-necked pheasants 
and positive and negative reacting ringdoves 
Peanut lectin absorbed with Unabsorbed 
Test cells RD(+) RD(-) RNP(S) RNP(W) 
1:16 
Ringdove, RD(+) . + . ++ ++ 
Ringdove, RD(-) ... 
Ring-necked pheasant, RNP(S) . ++ . ++ ++ 
Ring-necked pheasant, RNP(W) . Î . . Î 
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negative doves did not remove reactivity for either peanut-
strong pheasants or peanut-positive doves. Erythrocytes 
of peanut-negative doves were not agglutinated by unabsorbed 
peanut lectin at 1:16 dilution and did not remove agglutinins 
for peanut-weak pheasants. The lectin fractions absorbed 
with red blood cells from strong reacting pheasant, and 
peanut-positive doves removed reactivity for all of the test 
cells indicating a similarity in the reactive substrate of 
ring-necked pheasants and ringdoves for peanut lectin. 
Red blood cells of Reeves' pheasants (Syrmaticus reevesi) 
were tested with unabsorbed peanut lectin and peanut lectin 
absorbed with cells from weak reacting ringnecks. Only weak 
agglutination (+ after 2 hours) occurred among erythrocytes of 
the 16 birds tested at 1:16 dilution with unabsorbed peanut. 
None of the agglutination tests with absorbed peanut lectin 
was positive. All Reeves* pheasants tested were classified as 
peanut-weak (or negative) reactors. 
Hetero-immune Sera 
A variety of hetero-immune sera was examined for ability 
to differentially agglutinate ring-necked pheasant erythro­
cytes. Included were rabbit anti-chicken sera, chicken anti-
ring-necked pheasant sera and rabbit anti-ring-necked pheasant 
sera. 
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Rabbit anti-chicken sera 
Sixteen rabbit anti-chicken sera were titered in quad­
rupling dilutions against red blood cells from 12 pheasants. 
Cells from all birds titered 1:128 with each sera. The only 
difference between individual pheasants was the avidity of the 
agglutination at 1:128; some were given a score of + and others 
2. Absorption with red blood cells from the weak reacting 
pheasants removed reactivity for all ringnecks tested. 
Chicken anti-ring-necked pheasant sera 
Two chickens were injected with pooled red blood cells 
from three ringnecks. Chicken 7382 received cells from 
pheasants 381, 382 and 383. Pooled cells from pheasants 371, 
372 and 373 were injected into chicken 635. Resulting anti-
sera each titered to 1:4096 with donor cells. Absorptions of 
chicken antisera by selected pheasant cells removed all ag­
glutinins for pheasant erythrocytes, and agglutinins were con­
sidered common to all ringnecks. 
Rabbit anti-ring-necked pheasant sera 
Seventeen rabbit anti-pheasant sera were produced during 
the study. Absorptions of 10 antisera produced early in the 
study presented a puzzling picture when analyzed by testing 
absorbed fractions in families. In some cases cells of parent 
birds failed to react with agglutinins in absorbed fractions 
while cells of offspring did react. Absorptions with parent 
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birds failed to remove reactivity for these offspring. 
An antiserum (R3 anti-F^, turkey-pheasant) for blood 
group factor A as described by Wendorf and Miller (1962) was 
obtained from Miller. Reagent R3 was titered using doubling 
dilutions from 1:4 to 1:128, and it was found that 1:16 dilu­
tion gave results parallel to 1:8 test dilution recommended 
by Miller (personal communication, letter from W. J, Miller 
to Paul A. Vohs, Jr., April 24, 1962). A number of ring-
necked pheasants was tested for the presence of A factor. Two 
A+ and two A- birds were selected as donors for erythrocytes 
to be injected into rabbits in an attempt to obtain a quantity 
of A reagent. 
One antiserum (PRA5) produced by injecting red blood 
cells of pheasant 383, a strong A+, into a rabbit was analyzed 
in detail. The antiserum was heated 30 minutes at 56C to 
inactivate complement. Cells from 12 individual pheasants 
were washed three times in 0.85% saline solution and packed in 
individual test tubes by centrifugation. Antiserum was di­
luted 1:8, and a volume equal to the volume of red blood cells 
was placed in each tube. Agglutination was evident immediately, 
and following centrifugation the supernatant fluid was placed 
in an additional set of tubes containing a similar volume of 
red blood cells. After 30 minutes incubation the supernatant 
fluid was recovered. The resulting 12 antisera, each absorbed 
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by two volumes of red blood cells of an individual pheasant 
(a 2:1 absorption ratio), were tested by agglutination pro­
cedures with 2% suspensions of cells used to absorb each frac­
tion. Bach antiserum failed to agglutinate cells used for ab­
sorption except the fraction absorbed by cells from pheasant 
651. An additional absorption with cells from 651 removed 
all reactivity for the absorbing cells. 
A saline agglutination test was conducted so that each 
absorbing cell type was tested with each fraction of the ab­
sorbed sera (Table 7). A minimum of six specificities was 
present. Absorbing with cells of 383, the donor pheasant, re­
moved reactivity for all cells. Fractions 651 and 638 re­
acted similarly (except 638 removed all reactivity for cells 
of 651 while reciprocal absorption left a slight reactivity 
for 638). Fractions 003 and 374 were similar as were 047, 
215 and 606. A small difference between fractions 512 and 
504g was that 504g removed reaction for cells of 512 while 
fraction 512 reacted with cells of 504g. Avidity of fraction 
512 was higher than 504g. Fraction 370 removed reactivity 
for all cells except 372 and 504g. Fraction 372 was close in 
specificity to fraction 383 and reacted only weakly with cells 
of 383 but failed to agglutinate cells of the other 11 birds. 
Absorptions of a larger volume of antiserum PRA5 were 
conducted to provide typing fluids for testing families and a 
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Table 7. Individual antigenic differences demonstrated by 
agglutinin absorption tests of antiserum PRA5 
Test Antisera fractions absorbed with cells from 
cells 003 047 651 383 512 215 374 372 606 504g 370 638 
003 a . 1 . . • • . 
047 . - 1 • . • • . + 
651 
383 3 + 2 2 1 3 + 1 2 
• 
1 
512 
215 . 
374 
372 3 4 4 1 4 1 1 1 4 • 
606 + . 2 + . 1 • • + • . + 
504g + 
• 
3 1 
• 
1 
• • 
4 
370 3 + 3 2 + 2 + 1 
• 
2 
638 
• • 
+ 
• • • • • • 
^Symbols: (.) no agglutination, (+) descernable but weak 
agglutination, (1 to 4) degree of agglutination from small 
flocks to complete agglutination. 
group of randomly selected wild birds from southern Iowa. 
Dilutions, proportionate volumes and times were similar to 
initial absorptions. Cells of 606 and 215 were pooled and 
used to absorb a fraction of antiserum designated Az; cells 
of 003, 512 and 374 were used to obtain fraction Ay; and 
cells from 651 and 638 were used to obtain fraction Ax. 
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Fraction Az did not react with cells of any of the 160 birds 
tested and was eliminated from further analysis. 
Tests of Wendorf and Miller's reagent A and fraction Ay 
and ^  showed closely overlapping specificity. Reagent A ag­
glutinated cells of 33 pheasants (Table 8). The 21 positive 
reactions with Ay included only those positive to A, while 
only some of the cells agglutinated by Ay were agglutinated 
by Serological evidence of present absorptions and tests 
would indicate that Ay and Ax were linear subtypes of A; 
therefore, Ay was designated A3 and ^  labeled A4. Wendorf 
and Miller (1962) had previously described ^  and ^  subtypes. 
Neither Ag or A4 paralleled A?.. 
Table 8. Comparison of three typing reagents used in agglutin­
ation test with 100 randomly selected pheasants 
Agglutination reaction 
Reagent Strong Intermediate Weak Negative 
Wendorf and Miller A 5 13 15 67 
ès (Ay) 3 6 12 79 
A4 (^) 1 4 9 86 
Examination of family data concerning the A blood group 
factor presents a more complicated situation. Two sets of 
parents and one offspring of each pair were included in the 
original absorption analysis of antiserum ERA5 (Table 7). 
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Pheasants 003 (male) and 651 were parents of 504g, while 383 
(male) and 047 were parents of 606. Fractions 047 and 383 
removed all reactivity for cells of 606 as might be expected, 
and at least one of the parents reacted with each fraction re­
acting with 606. The reactive patterns of the other family 
are not so clear cut. Fractions 504g and 003 were similar in 
their ability to agglutinate cells of the birds tested. Cells 
of 504g reacted very differently from either parent when 
tested with the 12 fractions (Table 7). 
Matings were made at random with regard to A and ^  typ­
ing sera, and all possible mating combinations were not avail­
able. Parents and offspring tested with A reagent were from 
positive X positive, positive x negative and negative x 
negative matings (Table 9). Reactions of some offspring of 
negative x negative matings (003x651 and 395x601) gave posi­
tive reactions. These positive reactions were contrary to ex­
pected results of postulated inheritance by simple Mendelian 
dominance. Some of the parents reacting with reagent R3 
failed to react with factor A3 (Table 10). Results of parental 
reactivity to A3 were further complicated by negative reac­
tions of both 14050 and 14002 and the positive reaction of 
their offspring 1515 and positive reactions in two other nega­
tive X negative matings. 
A possible explanation for the unusual reactivity might 
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be that the negative reaction was due to a dosage effect 
causing agglutination of the cells of the homozygote but not 
the hétérozygote. Over-absorption was considered as a possi­
bility. Further study involving offspring of all possible 
types of matings will be required prior to defining the meth­
od of inheritance of factors A or A-^. 
Table 9. Agglutination reaction of parents and offspring 
with Wendorf-Miller A reagent R3 at 1:16 dilution 
Parents Number of offspring 
Identifi- Agglutination Strong posi- Weak but 
cation reaction tive agglu- positive Negative 
tination agglutin-
Male Female Male Female + ation 
+ 
003 651 0 2 4 
383 047 
+
1 +
 3 2 0 
2025 2013 ± 0 6 4 
2094 2005 r 0 5 5 
1523 14002 + 3 3 5 
14050 1515 + « 1 1 2 
395 601 • 0 8 15 
2203 2046 + 3 1 1 
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Table 10. Agglutination reaction of parents and offspring 
with ^  reagent 
Parents Number of offspring 
Identifi­
cation 
Male Female 
Agglutination 
reaction 
Male Female 
Strong posi­
tive agglu­
tination 
+ 
Weak but 
positive 
agglutin­
ation 
+ 
Negative 
2025 2013 • • 0 3 6 
2094 2005 
• • 
0 4 10 
1523 14002 + • 1 1 5 
14050 1515 
• • 
0 0 5 
395 601 
• 
0 0 16 
Iso-immune Antisera 
Iso-immune antisera from two avian species were studied. 
Chicken antisera were utilized early in the study prior to 
availability of pheasant antisera. Emphasis was shifted to 
ring-necked pheasant iso-immune antisera as they were produced. 
Iso-immune chicken antisera 
Blood typing reagents produced in inbred lines of chickens 
were made available for study by Drs. A. Nordskog and L. 
Schierman, Poultry Science Department, Iowa State University. 
Differential agglutination ranging from negative to strongly 
positive was evident with reagents 1154a and 1245 (Table 11). 
Strength of agglutination reaction varied from + or 1 to 4 
Table 11. Agglutination reactions of ring-necked pheasant erythrocytes with 
chicken reagents 
Reagent 
designation 1196 784b 8561 1154a 776 8550 1245 2159a 1208 63163 HN2 
Saline 
dilution 1:32 1:16 1:32 1:32 1:16 1:32 1:16 1:8 1:16 1:32 1:32 
Agglutinins 
present for B1,D2 Bl,? B1,B3 B1,B2 Bl B4,A2 Bl B2 B2 A2 B 
chicken cells A2 D D1 D 
Test cells 
370 .a 4 4 4 2 4 4 4 4 
371 4 4 4 4 4 4 4 
372 3 3 4 4 3 4 4 4 
373 3 + 4 3 4 4 4 4 
374 2 + 4 + + 4 4 4 
375 4 3 4 4 3 4 1 4 
376 3 3 4 2 3 4 1 4 
378 3 4 + 3 4 1 4 
379 + 3 4 + 2 4 2 3 
380 3 3 4 4 3 4 3 3 
381 3 3 4 4 + 4 3 4 
382 3 3 4 3 + 4 3 4 
383 4 3 4 4 . 4 3 4 
384 4 * 4 4 . 4 3 4 
386 3 + 4 4 4 4 2 4 
*See Table 7 for explanation of symbols. 
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among erythrocytes of 15 ringuecks with reagents 8561, 8550 
and 1208. None of the test cells were agglutinated by reagents 
1196, 784b and G3163, while cells from all pheasants tested 
were strongly (3 or 4) agglutinated by reagents 776 and HN2, 
Pheasants and chickens apparently share chicken B and D 
blood group system specificities. Antigens with specificities 
similar to B^, Dg and A were absent among the ringnecks tested, 
but B2 and B3 similarities were present. None of the chicken 
reagents was absorbed with pheasant erythrocytes to determine 
the exact relationships of cross reactions. 
Iso-immune pheasant antisera 
Forty-seven attempts were made to produce antibodies by 
iso-immune injection; 22 attempts were between parents or 
full sibs, and 25 were between unrelated ringnecks. Anti­
bodies reactive with donor cells were not produced in 15 of 
the attempts. An additional 19 recipient birds produced anti­
bodies titering only to 1:8 or less. The remaining 13 anti-
sera titered 1:16 to 1:1028 with donor erythrocytes. 
Antiserum designated 021(378) was produced by injecting 
washed red blood cells of female pheasant 378 into male 021. 
Antiserum titered with donor cells gave intermediate reac­
tions at dilutions to 1:128. Unabsorbed antiserum caused 
differential agglutination of red blood cells from individual 
birds among a group of related and unrelated ringnecks (Table 
12). Cells from some birds were very weakly agglutinated at 
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1:2 dilution, but from other birds intermediate agglutina­
tions were evident at titers of 1:16 and 1:64. 
The antiserum was absorbed with cells from individual 
pheasants in separate absorptions. A ratio of one volume of 
washed cells to one volume of antiserum diluted 1:2 was used. 
Absorbed fluids were tested by agglutination methods (Table 
12). Absorptions with cells that were weakly agglutinated 
at 1:2 dilution failed to remove antibodies responsible for 
strong reactions but removed agglutinins for weakly reacting 
cells. Reactions with cells agglutinating at higher titers 
were' slightly weakened. Absorptions using strongly reacting 
cells removed agglutinating activity for all cells. 
Results from absorptions (Table 12) indicated the iso­
immune antiserum would give parallel results without absorp­
tion when used at 1:16 dilution. An agglutination at that 
dilution was considered to indicate the presence of an anti­
genic factor on the erythrocytes, and the bird providing the 
cells was designated B-positive (B+). If no reaction occurred, 
the bird was considered B-negative (B-). 
Sixty-eight offspring and 16 parent ring-necked pheasants 
of 8 matings were tested with the antiserum. Results (Table 
13) indicated the factor identified was inherited as a domi­
nant to its absence or codominant to a yet undetected factor 
according to rules of Mendelian inheritance. 
A slight differential in strength of agglutination was 
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Table 12. Agglutination reactions of iso-immune antiserum 
021(378) following absorption with red blood 
cells from ring-necked pheasants 
Test Unabsorbed Antiserum fractions absorbed with cells 
cells from 
1:4 1:16 505g 215 003 375 
021 a . 
370 2 2 2 2 
372 3 2 2 2 
374 • * » 
512 • 
603 3 2 2 2 
215 + 
• • 
003 4 2 2 2 
651 . . . 
501g 3 2 2 2 
502 g 3 2 2 2 
503g 4 2 2 2 
504g . . . 
505g . . . 
506 g 4 2 2 2 
383 4 2 2 2 
047 2 1 1 1 
604 2 1 1 1 
605 2 1 1 1 
606 4 2 2 2 
607 2 1 1 1 
608 2 1 1 1 
^See Table 7 for explanation of symbols. 
seen among the B+ individuals. The differential could have 
been due to either dosage or phenogroup effect. Further 
analysis was prevented by limited amount of reagent. The 
original donor died, and two attempts to replicate the reagent 
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Table 13. Results of agglutination tests with red blood 
cells from 68 offspring of eight ring-necked 
pheasant families using B reagent (1:16 dilution) 
Parental reaction Number of 
matings 
Number of progeny in class 
Male Female B+ B-
B+ B- 3 32 0 
B- B+ 1 4 2 
B+ B- 4 16 14 
B- B- 0 - -
Totals 8 52 16 
by iso-immunization with other pheasants were unsuccessful. 
A small amount of the reagent was placed in reserve to be 
used in future attempts to obtain an additional quantity. 
Reagent B was used to test 100 wild birds from Union-
Adair Counties in southern Iowa (Table 15). Twenty-six ring-
necks were B-, and 74 were B+. The B+ birds were serological­
ly divided into 15 strong reactors and 59 intermediate re­
actors. Using the proposed model of inheritance, factor fre­
quencies calculated by the Hardy-Weinberg method were 0.513 
for b and 0.487 for B. The number of strong, intermediate 
and negative reactors were compared with those expected on 
the basis of the Hardy-Weinberg formula. A Chi-square value 
testing the null hypothesis that observed and expected values 
did not differ was not significant at the 95% confidence level 
(Chi-square = 3.21, 1 d.f., P = 0.079). 
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Table 14. Results of testing 100 wild ring-necked pheasants 
from Union-Adair Counties, southern Iowa, for B 
blood group factor 
B+ B- Factor frequency 
Strong (BB) Weak (Bb) (bb) B b 
Observed 15 59 26 0.487 0.513 
Expected 22 52 26 - -
Chi-square = 3.21 
P = 0.079 
Parents and offspring of mating 003x651 were utilized for 
a series of iso-immune injections between parents, offspring 
and parents, and full sibs (Table 15). Birds 003, 503g and 
504g caused production of agglutinins in parent birds or full 
sibs. Reciprocal injections between birds 003, 503g and 504g 
and injections of cells of other donors into these birds 
failed to elicit antibody response. 
Antisera were tested with parents and offspring of mating 
031x651 and unrelated birds. The specificity of all five 
antisera was similar though titers differed in a manner simi­
lar to titers for donor cells (Table 15). Antiserum 506g(504g), 
highest in titer, was selected for further analysis. 
Antiserum 506g(504g) was absorbed undiluted with cells 
from a negative reactor, weak reactor and two strong reactors. 
Methods of absorption were similar to that described previously 
for iso-immune sera. Absorptions were conducted 45 days 
56 
Table 15. Antibody production from injections of red blood 
cells among parents and offspring of mating 
003x651 
Recipient Donor 
Titer of 
with 
antibodies tested 
donor cells 
003 651 0 
651 003 1:64 
503g 503g 1:64 
502g 504g 1:16 
503g 504g 0 
504g 003 0 
505g 003 0
0 
506g 504g 1:128 
following final bleeding of birds 003 and 651 to preclude 
interference of weakly specific antibodies that might have 
been present on the washed erythrocytes of recipient birds. 
Absorption with erythrocytes from negative and weak re­
actors removed reactivity for weak reactors and left agglutin 
ins for strong reactors (Table 16). Two strong reactors re­
moved agglutinins for cells of all birds tested. Results of 
additional absorptions were similar. A quantity of antiserum 
506g(504g) was absorbed with pooled cells from negative and 
weak reactors and designated as C reagent. 
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Table 16. Agglutination reactions of iso-immune antiserum 
506g(504g) following absorption with red blood 
cells from ring-necked pheasants 
Test Unabsorbed Antiserum fractions absorbed with cells from 
cells 1:64 215 651 003 021 
021 
370 
372 
375 
512 
603 
215 
2a 
+ 
3 
2 
+ 
+ 
3 
2 
3 
2 
003 
651 
501g 
502g 
503g 
504g 
505g 
506g 
2 
+ 
+ 
2 
2 
2 
2 
2 
2 
383 
047 
604 
605 
606 
607 
608 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
••See Table 7 for explanation of symbols. 
Sixty offspring and 14 parents of 7 matings were tested 
with C reagent. Results (Table 17) indicated the factor iden­
tified was inherited as a dominant to its absence or a co-
dominant to a yet undetected factor according to rules of 
Mendelian inheritance. No dosage effect was observed. 
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Table 17. Results of agglutination tests with red blood 
cells from 60 offspring of seven ring-necked 
pheasant families using C reagent (1:16 dilution) 
Parental reaction Number of Number of progeny in class 
Male Female matings C+ C-
C+ C+ 1 5 0 
C+ C+ 2 12 11 
C + C- 3 13 14 
C- C- 1 0 5 
Totals 7 30 30 
A random group of 100 wild birds from Union-Adair Coun­
ties, southern Iowa, was tested for presence of C blood group 
factor. Sixty-one were classified as C+ and 39 C-. Factor 
frequency of C was calculated as 0.380 and absence of C as 
0.620. 
Relation of Proposed Blood Group Systems 
Linkage of proposed blood group factors was investigated 
by one or both of two methods: (1) offspring of appropriate 
matings between parents apparently heterozygous for two factors 
were classified according to phenotypes expected if alleles 
responsible for the antigens were on separate chromosomes or 
separated by at least 50 crossover units on the same chromo­
some, (2) red blood cells from groups of wild ringnecks from 
southern Iowa were tested with available reagents and results 
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tested for linkage by means of 2x2 tables (Snedecor 1956, 
p. 219). 
All four possible phenotypes were represented among off­
spring of families B, D and H (Table 18) indicating absence 
of linkage or very loose linkage. A Chi-square value testing 
the hypothesis that factors identified by reagents B and Ç 
among 100 wild birds (Table 19) were linked was not signifi­
cant at the 95% confidence level (Chi-square = 0.09, 1 d.f.; 
p = 0.79). Evidence to show linkage was lacking. 
Evidence for linkage of the P factor with B and Ç fac­
tors was investigated by examining segregation of phenotypes 
of P and B factors in families D and F (Table 20) did not offer 
evidence of linkage. Mating D provided similar results con­
cerning P and C. 
A Chi-square value testing the hypothesis that factors 
identified by A and B reagents were linked (Table 21) was not 
significant at the 95% confidence level (Chi-square = 1.62, ' 
1 d.f.; P = 0.23). There was insufficient evidence in the 
limited sample to indicate factors A and B were linked. 
A Chi-square value testing the hypothesis that factors 
identified by A and Ç reagents were linked (Table 22) was not 
significant at the 95% confidence level (Chi-square = 1.69, 
1 d.f.; P = 0.22). There was insufficient evidence to indi­
cate factors A and C were linked. 
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Table 18. Segregation of B and C blood group factors in 
ring-necked pheasants as shown by reactions of 
offspring from appropriate matings 
Mating Reaction of parents Number of offspring per phenotype 
Male Female 
B B+C+ B-C- B+C+ 4 
B-C+ 1 
B+C- 3 
B-C- 6 
D B—C+ B+C— B+C + 4 
B-C + 5 
B+C- 7 
B —C — 1 
H B-C+ B+C+ B+C+ 7 
B-C + 4 
B+C- 10 
B-C- 4 
Table 19. Test for linkage based on agglutination reactions 
of 100 wild ring -necked pheasants with B and Ç 
reagents 
C 
+ — 
B + 22 39 61 
17 22 39 
39 61 100 
Chi-square = 0.09 
P = 0.79 
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Table 20. Segregation of strong and intermediately reacting 
ringnecks with absorbed peanut lectin and B and C 
blood group factors in ring-necked pheasants 
Reaction of parents 
Mating Male Female Number of offspring per phenotype 
D S B- I B+ S B+ 6 
I B+ 5 
S B- 4 
I B- 2 
F I B+ S B- S B+ 4 
I B+ 2 
s B- 3 
I B- 3 
D S C + I C- s C+ 5 
I C + 4 
s C- 5 
I C- 3 
Table 21. Test for linkage of A and B blood group factors 
based on agglutination reactions of 17 unrelated 
ring-necked pheasants with A and B reagents 
B 
+ 
A + 6 2 8 
- 4 5 9 
10 7 17 
Chi -square = 
P = 
1.62 
0.23 
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Table 22. Test for linkage of A and C blood group factors 
based on agglutination reactions of 100 wild ring-
necked pheasants with A and C reagents 
C 
+ 
+ 18 6 24 
- 45 31 76 
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Chi-square = 1.69 
P — 0,22 
37 100 
A Chi-square value testing the hypothesis that factors 
identified by A and P reagents were linked (Table 23) was not 
significant at the 95% confidence level (Chi-square = 0.04, 
1 d.f.; P = 0,86). There was insufficient evidence to indi­
cate factors A and P were linked. 
Table 23. Test for linkage of A blood group factor and peanut 
factor based on agglutination reactions of 100 wild 
ring-necked pheasants with A and P reagents 
P 
+ 
A + 23 1 24 
- 72 4 76 
95 5 100 
Chi -square = 
P = o
 o
 
•
 
•
 04 
86 
63 
DISCUSSION 
The B, Ç and P blood group factors of ring-necked pheas­
ants are based on serological information obtained by testing 
offspring from a maximum of eight matings, or the genetic ma­
terial from 16 individuals, and a larger number of unrelated 
birds. Matings were made at random with regard to the blood 
group factors identified. All possible matings for each blood 
group factor were not represented among the eight studied. Ab­
sence of some matings imposes a limitation on the analysis of 
results and is indicative of need for further study. The 
limitation is not sufficient to minimize the value of the 
study nor detract greatly from its usefulness. 
Natural agglutinins for pheasant red blood cells are 
widespread in nature as indicated by ability of 31 of the 
normal sera tested to cause agglutination. The normal sera 
of vertebrates studied show little value in differentiating be­
tween individual ringnecks with the possible exception of 
American eel serum. Findings concerning inability to detect in­
dividual differences were in general agreement with Landsteiner 
(1945). Landsteiner felt that normal antibodies indicated a 
specificity of lower order than immune antibodies but believed 
them useful if, after absorption, agglutinins remained for cer­
tain portions of bloods not utilized for absorption. Absorp­
tion of cattle sera with selected pheasant erythrocytes removed 
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reactivity for all ringnecks tested, a finding similar to 
that of Bacharach (1955). Absorption of natural sera of 
other vertebrates produced similar results (Vohs e;t 1963). 
A study of natural sera from several American eels would 
provide information concerning their utility as reagents for 
pheasant blood typing. Need to study serum from several in­
dividuals is indicated by variability in agglutination re­
actions with various cottontail sera (Vohs et al. 1963) and 
in studies reviewed by Miller (1963). 
The survey of lectins for presence of agglutinins reac­
tive with pheasant erythrocytes provides material for further 
study. The number of strong differences in titers among in­
dividual ringnecks is considered important. In addition to 
peanut, unabsorbed Vicia faba lectin shows differential reac­
tions among ringnecks (personal communication; Steven Palmer 
to Paul A. Vohs, Jr., July 24, 1964). 
The difficulty of absorbing the weakly reacting agglutins 
from peanut lectin was unusual in contrast to some other lectin 
absorptions. No difficulty was encountered by Miller (1963) 
in removing weak reactivity for P- cells of doves and leaving 
strong reactivity for P+ doves. Boyd £t al^. (1959) were un­
able to remove weak reactivity by absorption of peanut lectin 
with human red blood cells. A possible dilution effect rather 
than absorption of weakly reacting agglutinins was considered 
but rejected because greater than a 1:16 dilution would be 
necessary before reactivity would not be observed. 
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Agglutinins of all lectins subjected to absorption an­
alysis could be removed by non-agglutinating pheasant ery­
throcytes or by the most weakly reacting cell types. A 
similar situation, though not carried to the point of absorb­
ing with an excess of cells, is indicated by Boyd (1962) with 
human red blood cells and lima bean lectin. Similar absorp­
tion results were encountered with immune sera (Miller 1956) 
and normal sera (Miller, W. J., B, G. Morris and V, S. Asmund-
son, manuscript in preparation). This homogeneity (Boyd 1962) 
does not reduce their usefulness. Landsteiner (1945) indi­
cated that differences can be distinguished in range of ac­
tivity and degree of specificity, depending upon the number 
of substrates acted upon and relative strength of reactions. 
The critical mating of peanut-weak pheasant times peanut-
weak pheasant did not occur among the eight matings available. 
This void leaves the manner of inheritance of the peanut re­
action in ring-necked pheasants unanswered. Further investi­
gation is necessary to clarify the usefulness of peanut lec­
tin in detecting a blood group factor among ringnecks. 
Failure of chicken anti-pheasant serum to detect indi­
vidual differences could have been due to utilization of pooled 
pheasant erythrocytes for donor cells. Single donors would 
provide less problems in analysis. 
Serological findings with sera of other species were 
similar to results obtained with rabbit anti-pheasant sera by 
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Thomsen (1934, 1936), Boyd and Alley (1940), Cohen (1956, 
I960), Allen (I960) and Miller (1963). Whether factors A and 
^ are due to a recessive blood group factor has not been de­
termined. The reactions are repeatable, and replicate re­
agents may be produced. The questions raised by use of hetero-
immune rabbit antisera are challenging problems for future re­
search. A report by Irwin (1949) that only two of more than 
300 rabbits produced antibodies against each of specific 
antigens known to be present on donor cells is indication of 
need for continued investigation. 
Individual differences among cells of ring-necked pheas­
ants detected by iso-immune chicken reagents suggest the 
feasibility of a reciprocal comparison of ring-necked pheasant 
and chicken reagents to determine similarities and dissimilari­
ties of the respective blood group antigens. The value of 
this approach is indicated by the findings of Stormont e^ al. 
(1960) in comparing blood groups of bison and domestic cattle. 
The pheasant-chicken relationship could be carried one step 
further because reagents prepared for both species are avail­
able. 
Ring-necked pheasant iso-immune antisera provide means 
of detecting the most clear and repeatable blood group factors. 
Further investigation involving a greater variety of genetic 
material may reveal complexities. Two examples are the A 
blood group system of chickens (Briles et al. 1950b) and the B 
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system of cattle (Stormont et_ £l. 1951). 
Production of iso-immune antisera by injections between 
closely related individuals (Briles et 1950b) was most 
fruitful when ringnecks of that category became available. 
Raising pheasants of known parentage had not been a feature 
in the operation of the hatching program of the Wildlife Re­
search and Exhibit Station, and gross adjustments were neces­
sary in the facilities and operation to incorporate the pro­
gram. 
Time of appearance of blood group antigens has practical 
significance in designing population studies of ring-necked 
pheasants and awaits investigation. Briles ^  a_l. (1948) 
found that some red blood cell antigens were present during 
early embryonic stages; others were generally detectable by 
the 6th day after hatching. Miller (1953) reported species-
specific antigens of Columba guinea were detectable in back-
cross hybrids with C. livia after 72 hours of incubation. Two 
1 
of the five antigens tended to be weak or "absent" after hatch­
ing and during the succeeding 2 months. Such variability 
within and among both chickens and pigeons would preclude 
testing red blood cells of incubated eggs and young ring-
necked pheasant chicks for population information until time 
of appearance is determined. 
The basic approach of attempting to define inheritance 
of antigens on red blood cells using family data prior to 
testing large numbers of wild birds is believed superior to 
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either utilizing cross reactions of pheasant cells with re­
agents of other species or assigning genetic designations 
to serologically defined reagents without testing among 
families. Reagents or raw materials for making reagents re­
flecting presence or absence of inherited characteristics of 
ring-necked pheasants are now available for more extensive 
sampling of wild populations in Iowa. Preliminary tests of 
red blood cells from a limited number of wild ringnecks from 
three separate geographic locations indicate that differences 
do occur in frequencies of blood group factors between widely 
separated groups of pheasants. Sampling wild ringnecks with­
in or adjacent to the three areas where ecological informa­
tion has been obtained is suggested as a logical step toward 
determining if significant differences occur in genetic make­
up of Iowa's pheasant population. 
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SUMMARY 
Ecology and genetics blend when information is sought 
concerning the way genotype influences numbers and the way 
the number of animals influences genotype. The blending of 
these two research fields to study distribution of blood 
group genotypes in wild populations seemed a logical approach 
to attack perplexing problems of distribution and abundance 
of ring-necked pheasants in Iowa. 
At the inception of the study (November I960) no blood 
group factors were known for ringnecks. Initial objectives 
of this study were to train an ecological investigator in 
immunogenetics and develop blood typing reagents. Long range 
objectives include identifying subpopulations of wild ring-
necks in Iowa, intensively sampling wild pheasants to deter­
mine if blood group factors are influenced by natural selec­
tion and using blood group factors as genetic markers. 
The phenomenon of visible clumping (agglutination) of 
red blood cells in saline caused by union of specific antigens 
and agglutinins in animal serum or plant extracts was utilized 
to identify genetically controlled individual differences 
among ring-necked pheasants. More than 40,000 individual 
tests accompanied by suitable controls were conducted. Fami­
lies of ringnecks hatched and raised in captivity and wild 
pheasants were utilized for study. 
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Sera from 24 vertebrate species and 3 antisera specific 
for human type A, B and Rh-D cells, respectively, were tested 
for their ability to differentially agglutinate red blood 
I 
cells of individual ringnecks. Natural agglutinins in normal 
sera for pheasant erythrocytes were wide-spread in nature. 
With exception of American eel serum, none of the normal sera 
were useful for detecting individual differences. Further 
study of American eel serum is recommended. 
Saline extracts (lectins) from seeds of 42 plant species 
representing 13 families were tested for presence of plant 
agglutinins. Saline extracts of 22 species either failed to 
agglutinate or weakly agglutinated pheasant erythrocytes. A 
number of plant agglutinins showed differential agglutination, 
and further study of lectins is recommended. 
Intensive study of peanut (Arachis hypogaea) extracts 
was accomplished. Peanut lectin shows promise as a reagent 
to detect individual differences among ringnecks. Lack of a 
critical mating (peanut-weak x peanut-weak) precluded deter­
mining if the reactions were inherited. 
Relationship of specificity of peanut lectin between 
ring-necked pheasants and ringdoves was investigated. A 
similarity exists as absorptions with peanut-negative cells of 
ringdoves and peanut-weak cells of ring-necked pheasants did 
not remove reactivity for peanut-positive ringdoves or peanut-
weak ring-necked pheasants. Absorptions with either of the 
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strong reacting types removed all agglutinins for either 
species. All Reeves* pheasants tested were considered peanut-
weak reactors. 
Seventeen rabbit anti-pheasant sera were produced during 
the study. Factors A3 and ^  were identified as being linear 
subtypes of factor A previously described by Wendorf and 
Miller. Factors A, ^  and ^  were apparently inherited as ré­
cessives, but results of additional matings are needed prior 
to confirmation. 
Cross reactions of red blood cells of ringnecks with 
chicken iso-immune reagents showed differential agglutination. 
Pheasants and chickens apparently share some but not all 
chicken B and D blood group specificities. Further investi­
gation by testing pheasant reagents with chicken cells and 
the reciprocal is suggested as a means of determining simi­
larities and differences of the two species. 
Two blood group factors, B and Ç, detected by iso-immune 
pheasant antisera were described. No evidence was found to 
indicate the factors were linked, and each factor is apparent­
ly inherited according to rules of Mendelian inheritance as a 
dominant or codominant to its absence. Factor frequencies were 
calculated for B and Ç. 
Suggestions for further study included additional matings 
for each factor described, search for additional blood group 
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factors, time of appearance of detectible antigens and use of 
defined reagents to test blood samples from wild birds to de­
termine if subpopulations exist within the population of ring-
necks in Iowa. 
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APPENDIX 
Table 24. Ring-necked pheasants produced during 1962 and 
1963 at the State Wildlife Research and Exhibit 
Station, Boone, and utilized for study 
Offspring identification 
Parents Location, color, and number 
Fam- M-Male Parental 
ily F-Female source Right wing Left wing Right leg Left leg 
B M 2025 Southern (Blue) (Blue) 
F 2013 Iowa wild, 1200 303 
1963 1202 301 
1204 302 
1205 307 
1206 306 
1207 308 
1208 309 
1210 304 
1212 305 
1213 310 
1216 315 
1217 314 
1218 311 
1219 312 
1220 317 
1222 316 
1223 313 
C M 14003 Southern (Green) 
F 64651 Iowa wild, 501 
1962 502 
503 
504 
505 
506 
D M 2094 Southern Iowa (Yellow) (Yellow) 
F 2005 wild, 1963 1601 8 
1602 6 
1603 7 
1605 1 
1606 5 
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Table 24. (Continued) 
Offspring identification 
Parents Location, color, and number 
Fam- M-Male Parental 
ily F-Female source Right wing Left wing Right leg Left leg 
1607 
1608 
1609 
1611 
1612 
1614 
1617 
1619 
1621 
1622 
1623 
1625 
1626 
1627 
1628 
E M WB-Red- Offspring (White) 
1524(J) of 14050, 1800 
F WB-Red- 14002 1801 
1519(J )  1803 
F M WB-Red- Offspring (Black) 
1523(J) of 14050, 2001 
F 14002 14002 2003 
Southern 2004 
Iowa wild, 2005 
1963 2006 
2007 
2008 
2011 
2012 
2014 
2019 
2020 
4 
3 
2 
10 
9 
15 
20 
11 
12 
16 
17 
13 
14 
19 
18 
(Aluminum) (Yellow) 
64616 
64627 
64633 
(Pink) 
202 
213 
201 
206 
207 
208 
205 
204 
209 
210 
211 
212 
26 
25 
24 
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Table 24. (Continued) 
Offspring identification 
Location, color, and number 
Parents 
Fam- M-Male Parental 
ily F-Female source Right wing Left wing Right leg Left leg 
G M 14050 Southern (Orange) 
F l/VR-Red- Iowa wild, 2202 
1515(J) 1962 2203 
Offspring 2205 
of 14050, 2206 
14002 2207 
2203 
2209 
2210 
2211 
2213 
2214 
2215 
H M 64395 Wisconsin (Aluminum) 
F 64601 game farm 2400 
1962 2402 
2403 
2404 
2405 
I 2406 
2407 
2408 
2410 
2411 
2413 
2414 
2415 
2416 
2417 
2418 
2419 
2420 
2421 
2422 
(Aluminum) (Blue) 
64612 332 
64618 333 
64617 334 
64623 221 
64634 325 
64636 323 
64630 327 
64628 328 
64624 330 
64632 326 
64626 329 
64635 324 
(Red) 
606 
610 
607 
608 
609 
605 
604 
601 
603 
602 
618 
619 
620 
617 
616 
613 
615 
611 
614 
622 
Table 24. (Continued) 
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Offspring identification 
Parents Location, color, and number 
Fam- M-Male Parental 
ily F-Female source Right wing Left wing Right leg Left leg 
2423 
2424 
2425 
2426 
2427 
623 
621 
626 
625 
624 
2428 
2430 
2437 
2438 
2439 
627 
612 
628 
629 
630 
J M 2203 Southern (Blue) (Aluminum) (Green) 
F 2046 lowa wild, 1226 64609 507 
1963 1227 64620 510 
1228 64615 509 
1229 64614 508 
1230 64622 512 
1231 64621 511 
1233 64637 516 
1235 64625 513 
1237 64631 515 
1239 64629 514 
M 64512 Story County (Green) (Aluminum) (Alumini 
F 64400 wild, 1962 1400 64612 64613 
1401 64611 64610 
M 64383 WRES, 1961 (Blue) (Aluminum) 
F 14047 Southern Iowa 3887 64604 
wild, 1962 3889 64605 
3890 646 06 
3892 64607 
3896 64608 
